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SUBJECT: Apollo CM - Analysis of Couch Impact DATE: March 15, 1967 
Attenuator Stroke Required for 
Water Landing - Case 330 FROM: J. D. Richey 

TM-67-2033-1 

TECH N I C A L ME KORAN D UP1 

INTRODUCTION 

Determination of the feasibility of increasing the 
capability of the present Apollo CM to carry four astronauts 
or a vzryhg complexent of astronauts and additional equipment, 
as might be required in ferry or rescue missiorls, will require 
detailed examination of equipment designs and operational pro- 
cedures. Among these are the environmental control system 
capacity and operatign of the CM by crews of one to four 
astronauts in various physical conditions. However, the key 
consideration in an evaluation of a four-man CM configuration 
appears to be the reduction in crew couch landing impact 
attenuator stroke that would result from placement of an extra 
crewman in the present couch stroke clearance volume. Prelim- 
inary estimates of required couch stroke made in 1961: using scale 
model test data indicated that for water landings the couch 
stroke could be significantly reduced or possibl-y eliminated. 
U U L  ~ ~ 1 5  b :~ t :  p c l a ~  L W U  y c d l - a  iriterirAttant effoiqt has bee:? dii-ected 
toward refinement and validation of the earlier estinates and 
conclusion. This memorandum records the method and results of 
this more detailed examination of couch stroke attenuator 
requirements. 

n,,-.:.-- L L -  L - . -  

CM --- CONFIGURATION AND ASTRONAUT ACCELERATION LIMITS - 

In the Apollo CM, the three astronaut crew rides side. 
by side on a couch assembly that is suspended on impact atten- 
uators which stroke along the X, Y and Z axes of the CM when 
the acceleration components applied to the couch assembly in 
these directions exceed predetermined levels. Clearance volume 
has been provided in the CM to accomodate couch motion resulting 
from attenuator stroking. Fig%res 1 and 2 show the proposed 
method of placing four astronauts in a CM. TWO astronauts are 
located in the center of the CM with the upper astronaut raised 
so that his knees are in the forward tunnel. The lower astro- 
naut is stacked directly below him. The two outside astronauts 
are located as in the normal three-man CM configuration. In the 
three-man configuration there is sufficient clearance between the 
underside of the couch assembly and the aft bulkhead of the CM 
to provide 16.5 inches of attenuator stroke. In the four-man 
configuration of Figures 1 and 2 clearance for attenuator stroke 
in the -X direction is reduced to 7.5 inches. 
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The peak acceleration that an astronaut can withstand 
depends on the design of his suit, restraint harness and couch. 
An Apollo crewman in his suit, restraint harness and couch as 
shown in Figure 3, can withstand the normal mission impact 
limits shown in Figure 4 without injury. In the diagram the 
small number preceding the slash is the peak acceleration imposed 
during the landing impact in g per second. The larger number 
following the slash is the maximum allowable on-set rate in g 
per second. Figure 5 shows the emergency impact limits. For 
accelerations beyond these limits it is questionable if the 
astronaut will survive. An astronaut subjected to a peak accel- 
eration between the limits shown in Figures 4 and 5, will survive 
but will likely sustain some injury. Scale model drop tests of 
the Apollo CM indicate that for water impacts the expected 
accelerations in the Y and Z directions are significantly less 
than the normal mission limits, while the acceleration in the 
+X direction (identified by the heavier vectors in Figures 4 and 
5) may exceed the normal mission limits. Therefore, it is nec- 
essary to analyze impact acceleration in only the +X direction 
to determine the attenuator stroke required to prevent injury 
to the astronauts during a water landing. 

DROP TEST DATA 

The NASA, Langley Research Center has performed a 
series of drop tests ij-sing a one-quarter s c a l e  model CM. The 
model was dropped at a constant vertical velocity at varying 
water entry angles (angle between the YZ plane of the CM and 
water surface) and with varying horizontal velocities. Accel- 
erometers were located at the CG of the model CM to measure 
the accelerations along the X and Z axes. The tests showed 
that accelerations in the X direction were sensitive to the 
water entry angle and relatively insensitive to horizontal 
velocity. The accelerations in the Z direction were not sen- 
sitive to either the water entry angle or the horizontal 
velocity and in all cases were considerably below the normal 
Apollo mission limits specified in Figure 4. The tests were 
performed by dropping the model into a towing tank whose water 
surface was quiescent. Figure 6 shows the model at water 
impact. Drop test data obtained at a vertical velocity of 2 3  
fps was extrapolated to a vertical velocity of 28 fps and is 
plotted on Figure 7. It shows that for a given water entry 
velocity the peak accelerations in the +X directiGn increase 
with decreasing water entry angle. Also shown on the graph 
are the normal mission limit and the emergency mission limit. 
When the water entry angle is less than fifteen degrees the 
acceleration exceeds the normal mission limit. 

WATER IMPACT PARAMETERS AND ANALYSIS PROCEDURE 

Under actual mission conditions the CM will not impact 
on a quiescent water surface. Instead, the CM will impact on a 
wave where the water slope and the water vertical particle 
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v e l o c i t y  a r e  d e s c r i b e d  by d i s t r i b u t i o n s  t h a t  a r e  a f u n c t i o n  of  
t h e  wind v e l o c i t y .  The wind a l s o  has a d i s t r i b u t i o n  f u n c t i o n  
which v a r i e s  w i t h  t h e  t i m e  of t h e  y e a r  and t h e  l o c a t i o n  o f  t h e  
l a n d i n g  a rea .  Under a c t u a l  l a n d i n g  c o n d i t i o n s  ( F i g u r e  8 ) ,  t h e  
water e n t r y  a n g l e  o f  t h e  CM i s  a f u n c t i o n  o f  t h e  CM s u s p e n s i o n  
a n g l e  (27.5 '  for t h i s  s t u d y ) ,  t h e  wave s l o p e ,  t h e  random o r i e n -  
t a t i o n  of  t h e  t o e  of t h e  CM w i t h  r e s p e c t  t o  t h e  wave f r o n t ,  t h e  
random o s c i l l a t i o n  a n g l e  o f  t h e  CM ( + 4 O  maximum w i t h  t h r e e  p a r a -  
c h u t e s ) ,  and t h e  o r i e n t a t i o n  o f  t h e  o s c i l l a t i o n  a n g l e  w i t h  r e s p e c t  
t o  t h e  wave f r o n t .  The e f f e c t i v e  v e r t i c a l  e n t r y  v e l o c i t y  of  t h e  
CM i s  a f u n c t i o n  o f  t h e  v e r t i c a l  v e l o c i t y  o f  t h e  CM and t h e  water 
p a r t i c l e  v e r t i c a l  v e l o c i t y .  For t h e  m i d - P a c i f i c  l a n d i n g  area t h e  
s e a  c o n d i t i o n s  a r e  most s e v e r e  d u r i n g  t h e  month o f  F e b r u a r y .  
During t h i s  month 95% o f  t h e  t i m e  t h e  wind w i l l  n o t  exceed  28 .5  
k n o t s .  There  i s  a . 9 9  p r o b a b i l i t y  t h e  wave s l o p e s  g e n e r a t e d  by  
a 28 .5  knot  wind w i l l  n o t  exceed 15'". Using t h i s  v a l u e  o f  wind 
v e l o c i t y  i n  t h e  f o l l o w i n g  equa t ion**  f o r  t h e  v a r i a n c e  of  water 
p a r t i c l e  v e r t i c a l  v e l o c i t y ,  t h e  t h r e e  sigma l i m i t  o f  p a r t i c l e  
v e r t i c a l  v e l o c i t y  was computed t o  be  '9 f e e t  p e r  s econd .  

where : 
ff 
U '  

w g =  

g = 3 2 . 2  f p s 2 ,  
where u i s  wind speed i n  f p s  

B = 0 . 7 4  
2 n  

w = &  , k o = -  x 
A = wave l e n g t h  i n  f t  

ci = 8 . 1 0  x 10-3 

The lower  and upper  l i m i t s  o f  e f f e c t i v e  v e r t i c a l  impact  v e l o c i t i e s  
of  1 9  and 37 f p s  were o b t a i n e d  by combining t h e  *9 f p s  w i t h  t h e  
28 f p s  v e r t i c a l  v e l o c i t y  o f  t h e  CM f o r  t h e  c a s e  when a l l  t h r e e  
p a r a c h u t e s  a re  f u n c t i o n i n g .  A c c e l e r a t i o n s  f o r  v e r t i c a l  v e l o c i t i e s  
o f  19 and 37 f p s  were deve loped  by e x t r a p o l a t i o n  and are p l o t t e d  
i n  F i g u r e  9 .  

~ ~~ ~ 

*CM Water Landing C r i t e r i a ,  R e f .  P6-5/L, 114/65-746; L e t t e r  

* * P e r s o n a l  Communication from D .  E .  Ca r twr igh t  t o  W .  W .  E l a m  

f rom MSC t o  NAA J u l y  6 ,  1 9 6 5 .  

o f  Bellcomm s u g g e s t e d  t h i s  method o f  u s i n g  e q u a t i o n  1 2  f rom A 
P roposed  S p e c t r a l  Form f o r  F u l l y  Developed Wind Seas  Based on t h e  
t h e  S i m i l a r i t y  Theory o f  S .  A .  K i t a i g o r o d s k i ,  P i e r s o n ,  W i l l a r d  J .  J r . ,  
and  Moskowitz, L i o n e l ,  J o u r n a l  of Geophys ica l  Resea rch ,  V o l .  2 9 ,  
No. 2 4 ,  December 15, 1 9 6 4 .  
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The plot shows, for a given water entry angle, the range of 
impact accelerations that can be expected and the normal and 
emergency mission limits. 

Analysis of attenuator stroke requirements involves 
several related investigations. Estimates of the attenuator 
stroke required to limit the acceleration imposed on the crew- 
men to a specified value must be developed. Also the probability 
that the CM will experience acceleration greater than a selected 
value must be determined. Finally the attenuator stroke estimates 
and the CM acceleration probabilities must be related. The 
balance of this memorandum describes a method for estimating the 
couch impact attenuator stroke and examines the need for atten- 
uator stroke in the Apollo CM by relating estimated attenuator 
stroke requirements to calculated CM acceleration probabilities. 
The analysis and computation of the CM impact acceleration prob- 
abilities are covered in a companion technical memorandum by 
Mr. G. R. Andersen.* 

IMPACT ATTENUATOR STROKE 

In the event that one of the three main parachutes should 
fail to open the CM vertical velocity would increase from 28 fps 
to 32 fps.** Adding 9 fps vertical particle velocity to a CM 
vertical velocity of 32 fps results in an effective water entry 
v~l0~it.y of 41 f p s .  T_]o i j~h attenijator stroke 1 . q ~ ~  estimated for 
a water entry angle of loo and effective entry velocities of 32, 
37 and 41 fps. These representative severe entry conditions are 
indicated by points A, B and C respectively in Figure 9. 

A plot of acceleration versus time for the 1/4 scale 
model CM impacting at a 10' water entry angle and with a 32 feet 
per second vertical velocity is shown in Figure 10. This curve 
was integrated twice; first to obtain the velocity versus time 
and then to obtain the acceleration versus time. From these 
computations i: plot of velocity versus displacement was made as 
shown in Figure 11. Next, Von Karman's impact theory, based on 
the conservation of momentum, was used to estimate the virtual 
mass of water attached to the CM as a function of water surface 
penetration. At a fixed water entry angle, the relationship 
shown in Figure 12 is valid over a range of entry velocities. 
Using the virtual mass-water penetration history derived from 
drop test data, velocity versus displacement was calculated for 
water entry velocities of 37 and 41 fps at the fixed l o o  water 
entry angle. The results are plotted in Figure 13. 

*"Apollo CM Water Landing Acceleration Probabilities ," Tech- 
nical Memorandum, March 15, 1967, G. R. Andersen. 

presented at the AS-204 Design Certification Review. 
**Descent velocity data obtained from MSC and subsequently 
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Using t h e  approx ima t ion  t h a t  A s  ( i n c r e m e n t a l  d i s t a n c e )  
= ( a v e r a g e  v e l o c i t y )  x A t  ( i n c r e m e n t a l  t i m e ) ,  t h e  v e l o c i t y  - 
t i m e  c u r v e s  f o r  CM impact  v e l o c i t i e s  of  37 and 41 f e e t  p e r  second 
were computed. These a r e  p l o t t e d  i n  F i g u r e  14 t o g e t h e r  w i t h  t h e  
p r e v i o u s l y  c a l c u l a t e d  v e l o c i t y - t i m e  c u r v e  for a 32 f p s  e n t r y .  

Assuming a n  impact  a t t e n u a t o r  t h a t  w i l l  l i m i t  a c c e l -  
e r a t i o n  t o  a c o n s t a n t  l e v e l ,  t h e  a t t e n u a t o r  s t r o k e  can  be de t e rmined  
by r e c o g n i z i n g  t h a t  t h e  crew couches  and CM w i l l  t r a v e l  t o g e t h e r  
f rom i n i t i a l  impact  u n t i l  t h e  p rede te rmined  a c c e l e r a t i o n  l e v e l  i s  
r e a c h e d .  A t  t h i s  t i m e  t h e  couches w i l l  b e g i n  t o  move r e l a t i v e  t o  
t h e  CM. The r e l a t i v e  motion w i l l  c o n t i n u e  u n t i l  b o t h  t h e  CM 
and couches  a re  a g a i n  t r a v e l i n g  a t  t h e  same v e l o c i t y .  During 
t h e  p e r i o d  o f  r e l a t i v e  motion a c o n s t a n t  a c c e l e r a t i o n  l e v e l  d e t e r -  
mined by t h e  a t t e n u a t o r  d e s i g n  w i l l  be impressed  on t h e  crew 
couches  and a s t r o n a u t s .  

Fo r  an  i d e a l  20 g a t t e n u a t o r  t h i s  a c t i o n  i s  i l l u s t r a t e d  
g r a p h i c a l l y  i n  F i g u r e  1 4 .  T h r e e  l i n e s ,  each  w i t h  a c o n s t a n t  s l o p e  
o f  20 g a re  drawn t a n g e n t  t o  t h e  32, 37 and 41 f p s  v e l o c i t y  c u r v e s .  
A t  t h e  i n d i c a t e d  p o i n t s  o f  t angency ,  r e l a t i v e  motion between t h e  
CM and couches w i l l  b e g i n .  A t  t h e  p o i n t  where t h e  20 g l i n e s  
c r o s s  t h e  a s s o c i a t e d  v e l o c i t y - t i m e  c u r v e s ,  r e l a t i v e  motion between 
t h e  couches  and CM w i l l  c e a s e .  I n t e g r a t i o n  of  t h e  CM v e l o c i t y  
c u r v e  from t h e  t i m e  when r e l a t i v e  motion b e g i n s ,  t o  t h e  t i m e  t h a t  
i -e ia t ive rnvtion c e a s e s  w i l l  g i v e  t h e  t r a v e l  o f  t h e  CM.  I n t e g r a t i o n  
o f  t h e  couch v e l o c i t y  c u r v e ,  which i s  t h e  20  g l i n e ,  from t h e  t i m e  
r e l a t i v e  motion b e g i n s  u n t i l  i t  c e a s e s  w i l l  g i v e  t h e  t r a v e l  o f  t h e  
couches .  The d i f f e r e n c e  between these  two d i s t a n c e s  w i l l  b e  t h e  
r e q u i r e d  a t t e n u a t o r  s t r o k e .  F o r  a 32 f e e t  p e r  second v e r t i c a l  
v e l o c i t y  t h e  s t r o k e  o f  t h e  a t t e n u a t o r  was e s t i m a t e d  t o  be .36 i n c h e s .  
For v e r t i c a l  v e l o c i t i e s  of 37 and 41 f p s  t h e  s t r o k e  was e s t i m a t e d  
t o  be  1 . 0  and 1.37 i n c h e s  r e s p e c t i v e l y .  These es t imated s t r o k e s  
f o r  p o i n t s  A ,  B and C r e s p e c t i v e l y  o f  F i g u r e  9 a r e  shown i n  
F i g u r e  15. 

The p r e d i c t e d  s t r o k e  l e v e l s  f o r  a 10' e n t r y  a n g l e  ( P o i n t s  
A ,  B and C )  shown i n  F i g u r e  15 and t h e  peak a c c e l e r a t i o n s  deve loped  
by e x t r a p o l a t i o n  o f  t h e  e n t r y  v e l o c i t y  as shown i n  F i g u r e  9 a r e  
g e n e r a l l y  c o n s i s t a n t  w i t h  t e s t  d a t a  o b t a i n e d  r e c e n t l y  from MSC. 
F o u r  f u l l  s c a l e  CM d r o p  t e s t s  were conducted  a t  t h e  North American 
A v i a t i o n  Co. and t h e  r e s u l t s  are  summarized i n  Tab le  1. 

TABLE 1 

V e h i c l e  T e s t  V e r t i c a l  H o r i z o n t a l  Water E n t r y  R o l l  Yaw M9x 
Type N O .  V e l o c i t y  V e l o c i t y  Angle Angle Angle x 

U P S )  ( f p s  1 
B l o c k  I 1 0 0  30 4 5 . 1  41' 0.6' 0' 3.7 g 

102 34.2 3 9 . 9  15.2' 180' 0' 26 g 
B lock  I1 lo3 31.2 4 6 . 9  44.2' 0.2' 0' 10 g 

104 34.3 39.2 13.2' 180' oo  27 g 
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The o n l y  i n s t a n c e  of impact  a t t e n u a t o r  s t r o k i n g  oc- 
c u r r e d  when t h e  X-X l e f t  f o o t  and r i g h t  f o o t  s t r u t s  s t r o k e d  
.9 i n c h  and .6 i n c h  r e s p e c t i v e l y  d u r i n g  t e s t  No. 1 0 4 .  The 
a n t h r o p o m e t r i c  dummies used  were 90 p e r c e n t i l e ,  9 0  p e r c e n t i l e  
and 1 0  p e r c e n t i l e  p l a c e d  i n  t h e  l e f t ,  c e n t e r  and r i g h t  couches  
r e s p e c t i v e l y .  Also,  i t  should  be n o t e d  t h a t  d u r i n g  t h e s e  d r o p s  
t h e r e  was a momentary d e f l e c t i o n  i n  t h e  a f t  bulkhead  of  1-3 
i n c h e s  a t  t h e  c e n t e r  of  t h e  impact  area on t h e  Z a x i s  n e a r  t h e  
lower  equipment bay .  

ATTENUATOR STROKE AND PROBABILITIES OF ACCELERATION AND WATER 
ENTRY ANGLE 

F i g u r e s  1 6  and 1 7  a r e  p l o t s  o f  CM peak a c c e l e r a t i o n  
p r o b a b i l i t i e s  and water e n t r y  a n g l e  p r o b a b i l i t i e s  f o r  t h e  t h r e e  
man p a r a c h u t e  c a s e  as computed by M r .  G .  R .  Andersen i n  t h e  p r e -  
v i o u s l y  mentioned memorandum.* The a c c e l e r a t i o n  p r o b a b i l i t i e s  
a r e  c o n d i t i o n a l  because  i n  t h e i r  d e r i v a t i o n  o n l y  water e n t r y  
a n g l e s  between 27 .5"  and 0" were c o n s i d e r e d  and because  i t  was 
assumed t h a t  t h e  w a t e r  s u r f a c e  was composed o n l y  of  up-wind and 
down-wind s l o p e s .  Water e n t r y  a n g l e s  g r e a t e r  t h a n  t h e  s u s p e n s i o n  
a n g l e  of  2 7 . 5 "  a r e  e x p e c t e d  t o  produce  impact  a c c e l e r a t i o n s  t h a t  
a r e  lower  t h a n  t h e  impact  a c c e l e r a t i o n s  produced a t  water e n t r y  
a n g l e s  l ess  t h a n  27 .5 ' .  A l s o ,  t h e  CM may impact  on cross-wind 
s l o p e s  and t h e y  a re  less  s t e e p  t h a n  up-wind and down-wind s l o p e s .  
T h e r e f o r e ,  t h e  u n c o n d i t i o n a l  p r o b a b i l i t i e s  of  t h e  CM e x p e r i e n c i n g  
a g i v e n  impact  a c c e l e r a t i o n s  or water e n t r y  a n g l e s  are  smaller 
t h a n  t h e  c o n d i t i o n a l  p r o b a b i l i t i e s  shown i n  F i g u r e  1 6  and 1 7 .  
S e l e c t e d  c o n d i t i o n a l  a c c e l e r a t i o n  and water e n t r y  a n g l e  p r o b a b i l i t y  
l e v e l s  a re  combined w i t h  t h e  water e n t r y  a n g l e  v e r s u s  peak a c c e l -  
e r a t i o n  c u r v e s  on F i g u r e  1 8 .  The p r o b a b i l i t y  o f  t h e  CM i m p a c t i n g  
t h e  ocean  s u r f a c e  u n d e r  c o n d i t i o n s  t h a t  o c c u r  t o  t h e  r i g h t  o f  
t h e  v e r t i c a l  l i n e  a t  35 g ( t h r o u g h  P o i n t  A )  i n  F i g u r e  1 8  i s  
l e s s  t h a n  , 0 0 1 2 .  A l so ,  t h e  p r o b a b i l i t y  o f  t h e  CM i m p a c t i n g  
t h e  ocean  s u r f a c e  w i t h  a water e n t r y  a n g l e  less  t h a n  10' ( t h r o u g h  
A and  B)** i s  l e s s  t h a n  . 002 .  While t h e  e x a c t  p r o b a b i l i t y  o f  t h e  
a t t e n u a t o r  s t r o k e  e x c e e d i n g  . 3  i n c h e s  ( P o i n t  A )  c anno t  b e  i n f e r r e d  
f rom these  data,  it i s  c e r t a i n l y  l e s s  t h a n  . 0 0 2 .  

Some r e c e n t  da ta  on t h e  s t r u c t u r a l  l i m i t  o f  t h e  heat 
s h i e l d  h a s  been added t o  F i g u r e  18***. It a p p e a r s  t h a t  t h e  prob-  
a b i l i t y  of e x c e e d i n g  t h e  s t r u c t u r a l  l i m i t  o f  t h e  heat  s h i e l d  
d u r i n g  a water l a n d i n g  i s  small. Also ,  i t  s h o u l d  be  n o t e d  t h a t  
t h e  h e a t  s h i e l d  s t r u c t u r e  w i l l  f a i l  a t  a n  impact  a c c e l e r a t i o n  
l e v e l  t h a t  i s  wel l  below t h e  emergency l i m i t .  

*See F o o t n o t e  Page 4 .  
**The p r o b a b i l i t i e s  shown on F i g u r e  18 do n o t  a p p l y  t o  P o i n t  C 

which r e p r e s e n t s  a c o n d i t i o n  f o r  t h e  two p a r a c h u t e  c a s e .  
***From AS-204 Design C e r t i f i c a t i o n  Review. 
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CONCLUSIONS 

The low probability that impact protection will be 
needed for water landings makes it possible to consider elimi- 
natlng or reducing the crew couch impact attenuator stroke 
presently provided in the standard Apollo CM configuration. 
Use of the volume beneath the couches (now reserved for couch 
stroke in the -X direction) could provide alternate or extended 
mission capability. The four-man configuration offers the 
possibility of one astronaut piloting the CM to an operational 
or rescue site and returning with three additional astronauts. 
Other combinations of men and equipment payloads can be readily 
visualized. Clearly, there are design and operational con- 
siderations to be resolved before such extended capability can 
be established as feasible. These include, the capability of 
one man to fly the CM, the necessity of retaining impact pro- 
tection for the case of pad or launch aborts that could terminate 
in land landings, and the deflection of the aft bulkhead during 
water landing tests. Assuming these problems can be resolved 
favorably, 
offers the 
a minimum 

continued use of water landings with the present CM 
possibility of extending the Apollo CM capability in 
time and with a minimum of modification. 

The contributions of Messrs. G. R. Andersen and 
W. W. Elam to this analysis are gratefully acknowledged. 
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114 SCALE MODEL CM 

Y 

+ 
VO 

WATER SURFACE ' 

Vo = VERTICAL VELOCITY 
V, = HORIZONTAL VELOCITY 

Y = WATER ENTRY ANGLE 

FIGURE 6 - DROP TESTS 
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WAVE FRONT 

WATER SURFACE 

Y =  WATER ENTRY ANGLE - A FUNCTION OF SUSPENSION 
ANGLE 8 AND ORIENTATION ANGLE 4 , OSCILLATION 
ANGLE (3) AND I T S  ORIENTATION ANGLE ( a), WAVE 
SLOPE 8 - 

(V,) = VERTICAL ENTRY VELOCITY - A FUNCTION OF VERTICAL 
VELOCITY OF CM V v  , WAVE PARTICLE VERTICAL 
VELOCITY W v .  

FIGURE 8 - WAVE AND CM AT IMPACT 
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FIGURE i 2  - VON KARMAN IMPACT THEORY 
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